Partitioning of 137 Cs between marine compartments in the east coast of Peninsular Malaysia was studied with the objectives were to quantify the level of 137 Cs in seawater, biota and sediment and to assess its partition coefficient of CF and K d . The results found the level of 137 Cs were low in all type of samples and seems to be not significant. Therefore, this can be concluded that the levels of 137 Cs in those samples remain in the background level and there is no new input of 137 Cs into this region. Moreover, the evidence discussed in this work is reasonable to highlight the possible reasons or factors affecting the partitioning of 137 Cs in seawater, sediment and its accumulation in biota as well as its CF and K d .
Introduction
The distribution of such anthropogenic nuclide of cesium-137 ( 137 Cs) and its activity concentration levels in the current marine environment depends on the release conditions of the sources. The main sources of the radionuclide releases could be from the NPP accidents, nuclear weapons tests, submarines and aircraft maintenance, waste dumping and leaching from radioactive waste disposal facilities; and the subsequent transformation processes [1] . In recent years, considerable interest has arisen about concern the distribution and transportation of radionuclides in the marine environment, especially after the Fukushima Daiichi Nuclear Power Plant (FNPP) accident on March 11, 2011 . Such nuclear accident led to the release of large amounts of 137 Cs into surrounding marine environments includes Malaysia.
Cesium-137 ( 137 Cs) is an abundant fission product of nuclear power generation and nuclear weapons testing. It is a longest half-life (t 1/2 = 30.20 year) radionuclide compared to other radiocesium isotopes such as cesium-134 ( 134 Cs; t 1/2 = 2.06 year). Cesium-137 presents in the environment for decades due to its long half-life [2] . Furthermore, it is an important indicator of radioactive pollution in aquatic environments particularly marine environment [3] . In coastal areas, almost 137 Cs originates from atmospheric deposition and its distribution in the marine environment is related to the temporal pattern of the fallout of 137 Cs into the earth's surface [4, 5] . In addition to its relative abundance, 137 Cs possesses characteristics that enhance its importance as a contributor to radiation doses. 137 Cs has a relatively high-energy beta particle and decay to short half-life daughter of 137 Ba m (t 1/2 = 2.55 min) which emits strong gamma emission with the energy of 661.62 keV. Due to its chemical properties, 137 Cs is readily transported through the environment and food chains [6] . In term of biogeochemical properties, 137 Cs is a conservative radionuclide and highly soluble in water; thus it tends to assimilate efficiently and accumulate in biotas because of its chemical similarity to the essential nutrient potassium [7] . Moreover, due to its properties, continuous monitoring of the levels of 137 Cs contamination is necessary. This is for the purpose to evaluate the impacts of 137 Cs on marine organisms, which is important for addressing risks to human health through consumption of fisheries resources [2] .
The primary factor limiting the transport of 137 Cs to humans and other living organisms is its notably strong tendency to attach to common clay minerals found in most sediment [8] . Furthermore, according to Otosaka and Kato [9] that more than 80% of 137 Cs has accumulated in regions shallower seawater. This likely due to the absorption of 137 Cs from radiologically contaminated seawater onto seabed sediments [10] . Tsuruta et al. [11] also viewed that shallow seas are major settlement areas for particle-sorbed 137 Cs into sediment and this zone also for 137 Cs transportation from mainland contaminated area to coastal sinks.
The geographic distribution of 137 Cs is influenced by numerous factors including the locations and magnitudes of release to the environment, the medium (air, water, soil) into which the material is released, the flow patterns of water and the deposition processes occurring from those media [12] . Other factors are the characteristics of the current, wave, turbulence, velocity, dilution and sediment load [13] . Meanwhile, the distribution of 137 Cs in the sediment depends on biological factors and processes such as particle production, sedimentation rate, re-suspension and the removal of particles from the water column (without flowing water masses) [14] . Therefore, the activity concentration of 137 Cs in marine sediment may be also influenced by particle size, the mineral composition and the content of organic matter in marine sediments and the relationship between organic matter and 137 Cs in the sediments [7] . In term of biota, 137 Cs accumulated by higher organisms (e.g., fish) in aquatic habitats that ingested contaminated organisms with 137 Cs rather than from the direct absorption of the radionuclide from water [15, 16] . Many factors that influenced the activity concentration of 137 Cs in marine biota includes geography region, physical and chemical properties of the ambient water, species and size of biota, food intake pattern, uptake mechanism, etc.
Since aquatic contamination with 137 Cs is a major concern in all regions of the world includes Malaysia, thus, after the FNPP accident, there was an urgent need to continuous study the behavior and partitioning of 137 Cs in the marine environment within the interval of its half-life. In this direction, partitioning of 137 Cs between marine compartments in the east coast of Peninsular Malaysia was studied with the objectives were to quantify the level of 137 Cs in seawater, biota and sediment; and to assess its partition coefficient of CF and K d . Generally, this study is a part of the project "Levels, Trends and Effect of Natural and Anthropogenic Radionuclides in the Malaysian Marine Environment (Contract No. 22192)", under the IAEA project "K41017-Effects of Natural and Anthropogenic Radionuclides in the Marine Environment and Their Use as Tracers for Oceanography Studies". On the other hand, this is not only for additional information to enhance the existing baseline data for the nation but also for the worldwide database. For continuing Malaysia's efforts, the project is also related to the previous and current IAEA projects such as IAEA RCA RAS/07/16 and IAEA RCA RAS/07/28 and others. All these projects have the same goal to contribute marine radioactivity data to MARIS and ASPAMARD database which were developed by the IAEA.
Experimental

Collection of samples
The seawater, sediment and biota samples were collected from 7 near shores (~ 20 km from the mainland) sampling stations in the east coast of Peninsular Malaysia in May-Oct. 2018. The sample locations and information are shown in Table 1 and Fig. 1 . During the sampling, ~ 20 L of surface seawater (~ 0.5 m) and approximately 1 kg of surface sediment samples were manually collected using an in-house modified water bottle sampler then filled in a flexible plastic bottle/tube; and Ponar grabs sampler, respectively. All metadata of seawater was measured and recorded at fieldwork using YSI multi-parameter. Meanwhile, biota samples were collected using a fishing rod or purchased from local fisherman and wet market. Types of biota were collected for this study based on the common fish eaten by Malaysian or depend on availability from fisherman and wet market. Wet sediment and biota samples were kept in a plastic bag and chilled immediately in ice chest box for later transport to a laboratory for analysis.
Preparation of samples
For sediment and biota samples: The fresh sediment and biota samples were weighed and recorded. A portion of about 2 g of sediment samples was sent to another laboratory for particle size analysis. Three fishes for each species were weighed individual and measured their physical size (length, width and height) for radiological dose and risk assessment. Then, the sediment and whole-body fish samples were dried in an electric oven at 80 °C for 2-4 days or until constant weight and the dried samples were weighed again. All the samples were then crushed and homogenized to the same geometry with the gamma counting standard materials. Each homogenized sediment and biota samples (~ 350 g) were placed in 350 mL of the plastic container and analyzed using non-destructive gamma-ray spectrometry with high purity germanium (HpGe) detectors.
For seawater samples: 10 L seawater samples were passed through into the 1 µm filter cartridge and collected in the cleaned bucket. Then, the filtered seawater was passed through the 5 g of KNiFC-PAN Resin-B (100-600 µm) which were placed in the column using a peristaltic pump with the flow rate of 40 mL min −1 . The resin was rinsed with distilled water and followed by 10 mL of 0.1 HNO 3 before loading seawater samples. Lastly, the KNiFC-PAN Resin-B in the column was dried in an electric oven until dry and counted using the well type Gamma Spectrometry System. The efficiency of KNiFC-PAN Resin-B absorption for 137 Cs was measured with the value of 98%. The geometry of the KNiFC-PAN Resin-B columns was similar to the 6 mL of counting vial for well type Gamma Spectrometry System. The efficiency of counting for each energy peak of 137 Cs was determined from the curve for the activity concentration series of 137 Cs standard solution which was passed through the KNiFC-PAN Resin-B columns.
Gamma spectrometry counting
A sample spectrum was individually measured with the gamma-ray spectrometry consisting of high-purity germanium (HPGe) setup and multichannel analyzer 16,384 channel. For biota and surface sediment samples were sealed in a 350 ml counting container and counted using the detector which is coaxial 3 inches diameter closed-end, closed facing window geometry with vertical dipstick (500-800 µm), crystal diameter 58.1 mm and length 48.6 mm which operated at 1500 HV bias supplies. This p-type detector was designed to provide 25% relative efficiency with the FWHM resolution of 0.82 keV at 122 keV gamma-ray line of 57 Co and 1.85 keV at 1332 keV gamma-ray line of 60 Co.
Meanwhile, for the KNiFC-PAN Resin-B columns which were sealed and counted using the detector which is a closed-end coaxial well with the diameter of 62 mm, length of 49 mm and distance from window of 5 mm. The well depth and diameter are 35.50 mm and 23.50 mm, respectively, with an active volume of 8.8 cc which operated at 2000 HV bias supplies. This p-type detector was designed to provide 25% relative efficiency with the FWHM resolution of 1.40 keV at 122 keV gamma-ray line of 57 Co and 2.30 keV at 1332 keV gamma-ray line of 60 Co.
The detectors were shielded in a chamber made of lead, cadmium and copper (total thickness 11 cm) to reduce the background radioactivity. They were calibrated as reported earlier by Yii et al. (2009) [17] using customized gamma multinuclides standard source comprising of 241 Am, 109 Cd, 57 Co, 123m Te, 51 Cr, 113 Sn, 85 Sr, 137 Cs, 88 Y and 60 Co in the same counting geometry. The source was purchased from Isotope Products Laboratories, USA (source no. 1895-82). Reference material (IAEA Soil-6) in the same counting geometry was used to check energy and efficiency calibration for the system. A similar geometry container filled with deionized water was measured over every weekend to determine the background counts. All samples were counted for 54,000 s using spectrometer and corrected for density and date of sampling. Counting times are long enough to ensure a 2σ counting error of less than 10%. The activity of 137 Cs and its 1σ uncertainty was calculated directly via its energy peak of 661.62 keV using manually excel sheet calculation which was taken account of resin absorption efficiency (only for seawater samples) in the calculation. For manual calculation, the peak was marked manually from the centroid to its left-right baseline (Compton) as guide given by Gilmore and Hemingway [18] and IAEA [19] , total counts were divided with the live counting time to get the peak count rate. Same marking range was performed on the background spectrum, the background counts were divided with the background live counting time for the background count rate. The difference between the peak count rate and the background count rate is the net count rate from which the specific activity of 137 Cs and its 1σ uncertainty was calculated with a spreadsheet using equation as reported by Zaharudin et al. [20] . Minimum detectable activity (MDA) was set at 0.50 Bq m −3 for seawater and 0.50 Bq kg −1 dw. for sediment. While MDA of 137 Cs for biota samples was 0.01 Bq kg −1 fw. All this considering the sample size and counting time of 137 Cs [21] . The activity concentrations in fish were re-calculated and reported in fresh weight (Bq kg −1 fw.); meanwhile, sediment samples were reported in dry weight (Bq kg −1 dw.) and seawater samples in Bq m −3 .
Calculation of concentration factor (CF) and distribution coefficient (K d )
The partition representing the radioactive contaminants uptake potential in marine biota, sediments and seawater. Partition coefficients namely concentration factor, CF for biota and distribution coefficient, K d for sediment. Both coefficients are dependent upon the independent variables of biota and sediment concentration; and the biota/water and sediment/water radionuclide distribution coefficients [22] . Concentration factor (CF) is essentially the degree of radionuclide enrichment in biota relative to ambient water. The CF is used to evaluate the radiological risks associated with seafood consumption and were determined by dividing the radionuclide concentration in biota by the dissolved concentration in surface water [23] . Radionuclide CF was based on surface-water concentrations because these animals were exposed to 137 Cs concentrations while feeding at night on the surface. Furthermore, these animals were mostly caught during night tows in particular for fish purchased from local fisherman [23] . Concentration factor is calculated as recommended by IAEA (2001) [24] .
CF(L kg −1 ) =
Radionuclide concentration in fish (Bq kg −1 )
Radionuclide concentration in water (Bq L −1 ) Meanwhile, distribution coefficient, K d is used to characterize the particle reactivity of radionuclides and it is defined as [25] :
Results and discussion
Partitioning of 137 Cs activity concentrations in surface seawater
Distribution or partitioning of 137 Cs activity concentrations in surface seawater is summarised in Table 2 . The activity concentration of 137 Cs in seawater samples were ranged from MDA to 2.70 ± 0.37 Bq m −3 . These ranges indicated stations TB03, RB01, KT01 and MG03 found to be the significant value of 137 Cs activity concentration with the reliable explanations for this increment is a long-range transport of the radiocesium directly supplied
Radionuclide concentration in solid phase such as sediment (Bq kg −1 )
Radionuclide concentration in liquid phase such as seawater (Bq L −1 ) .
from terrestrial and atmospheric-deposited in this region. Other than that, the variation of these concentrations can be related to the behaviour of 137 Cs in the marine environment which is considerably different between coastal, nearshore, offshore and the open sea area. Therefore, near the coastal shelf limits the distribution of radionuclide which resulting in the unpredictable of 137 Cs activity concentration due to depends on the particulate material load.
In addition, the relative variation distribution or partitioning of released 137 Cs to seawater depends primarily on its source. Those ranges of activity concentration showed that stations PK01 and MG03 with the distance of 40-50 km each other, which respectively have the lowest and highest activity concentration. Generally, the station MG03 (depth 41.80 m) was up almost 6 times higher as compared to the station 60 m) . The low activity concentration of 137 Cs at station PK01 and other stations can be explained by its shorter effective half-life (10 years) in seawater which reflects the higher ability of the radionuclide to be absorbed on sediment particles [26] . It could be also due to shorter residence time in shallower water depth which then resulting in the decrement of 137 Cs activity concentration. In addition, the input of a soluble 137 Cs in station PK01 and other stations was might be diluted by ocean currents and water mixing process and then transported it into the ocean interior. In other words, these factors make 137 Cs easier to remove from surface seawater, consequently, some of the cesium in seawater spread across to the deep sea and some of them immediately diluted to the low level. Other than discussed factors, those difference activity concentrations for the region are also characterized by complicated nearshore currents and tidally driven flows as pointed out by Buesseler [27] . Moreover, the order of magnitude difference in lowest surface activity was probably due to the velocity fields and additional dispersion and mixing resulting in more dilution of 137 Cs at station PK01 [28] .
The high activity concentration of 137 Cs at station MG03 probably this radionuclide both in solution and attached to small particles supplied from land can transport as far as possible to the marine environment if some factors such as current, wave, turbulent are sufficient. The observed distribution of this radionuclide agrees well with the consideration that cesium remains mainly in solution [29] . Likewise, cesium remains in the upper layer due to the relatively high mixing grade of water or the thermocline inhibiting water exchange and the slow cesium sinking time. Other contribution to the cesium migration such as particle deposition or plankton activity must be of minimal incidence [30] .
Moreover, the bioavailability also increases with water depth because the fixation of 137 Cs to the sediment particle matrix has not yet been completed at greater depths [14] such as station MG03.
Generally, the activity concentrations of 137 Cs in seawater for this study were low compared to those obtained from a previous study of the IAEA project RAS/7/016 and comparable to RAS/7/021 in respectively were reported elsewhere [31, 32] . It is confirmed that the activity concentrations of 137 Cs remain in the background level for this region. Slightly low values of 137 Cs obtained in the present measurement are due to less input of this radionuclide from coastal river discharges introducing global fallout of 137 Cs from terrestrial erosion. These align to all sampling point located about 20 km from the mainland.
Partitioning of 137 Cs activity concentrations in biota
In this paper, two types of fish depth habitats were measured their activity concentration of 137 Cs namely pelagic and demersal fish as summarised in Table 2 . Generally, all activity concentrations of 137 Cs in the pelagic and demersal fishes were not significant and comparable to each other as illustrated in Fig. 2 . These concentrations were ranged between MDA to 0.34 ± 0.10 Bq kg −1 fw. and 0.15 ± 0.03 to 0.33 ± 0.16 Bq kg −1 fw., respectively. Ideally, we defined these concentrations as the background level of 137 Cs activity concentration in marine fishes and it can be concluded that the fishes from this region were not contaminated by 137 Cs.
However, between different types of fish, the level of 137 Cs activity concentrations showed very little variations which are 137 Cs accumulated more relatively in pelagic fishes as compared to demersal fishes. Kasamatsu et al. [33] and Narimatsu et al. [34] supported that the variability of radiocesium content is related to the organism body size or its position in the trophic chain. In term of relatively higher activity concentrations of 137 Cs in pelagic than demersal fish can be assumed that pelagic exhibited slower depuration compared to demersal fish species. The different of 137 Cs activity concentration in among species even when they were caught in the same fishing area was also suggested due to differential bioaccumulation of 137 Cs [35] . According to Nakata and Sugisaki [36] , the differences of cesium concentration in the fishes could be due to ontogenetic changes in diet and seasonal changes in vertical distribution. Moreover, the variation in 137 Cs activity concentrations in pelagic and demersal fish probably related to the mechanism of radiocesium uptake by those fishes and different feeding mechanism as well as it is quite dependent to the diversity of contamination sources. In addition, specifically the accumulation of radiocesium in each habitat of fish depends on various ecophysiological characteristics of each species such as feeding habits, size, age, and osmoregulation; and environmental parameters at each site such as its concentrations and chemical properties in waters [37] .
Higher water content in fish as can be seen in station RB01 for resulted in a higher concentration of 137 Cs in the yellow bended scad fish (pelagic). This could be explained by the theory that each fish species have designated "K channels" to manage the intake of potassium and like elements. More water in a fish would provide a greater opportunity for cesium accumulation [38] . Potassium-40 and radiocesium are expected to behave similarly within the fish tissue as they enter the biological system through the K-channels in the gills [39] . However, yellow bended scad in station PK01 might be no opportunity to accumulate 137 Cs through water media due to the activity concentration of 137 Cs in seawater was low at this station compared to other stations. The results indicated that the pelagic fishes might have a relatively higher concentration of 137 Cs than the demersal fishes. This probably due to the pelagic fishes tends to accumulate the cesium via water media at the surface zone. Ideally, the 137 Cs activity concentrations obtained in this study generally are fairly consistent in all fishes. This could be assumed that the values were not exactly representative of the locations of sampling due to fishes are the mobility animal species [40] . The factors of occupancy in the water column and trophic level also play a role in the accumulation of 137 Cs in the fishes. It is acknowledged that variation in cesium activity in each fish will depend on multiple factors that are not captured in this analysis, but only the key parameters are discussed.
Partitioning of 137 Cs activity concentrations in sediment
The sediment activity concentrations of 137 Cs in the east coast of Peninsular Malaysia were varied from MDA to 1.61 ± 0.19 Bq kg −1 dw. (Table 2) . Therefore, it can be concluded that the input of 137 Cs in the east coast of Peninsular Malaysia marine environment was negligible. The vertical transfer of 137 Cs due to re-suspension and re-deposition by ocean currents and waves, desorption to the pore water, and bioturbation can result in a decrease of 137 Cs concentration in the upper layer of sediments [41] . Such circumstance might be responsible for the low concentration of 137 Cs in this area. High cesium concentrations in nearshore areas are observed with a maximum value of 1.61 ± 0.19 Bq kg −1 dw. in station PP04 and MDA recorded in MG03.
According to Wong [42] , the mobility and distribution of 137 Cs in sediments are governed by essentially the same processes as those occurring in soils. Thus, 137 Cs binds preferentially to clay rather than sandy sediments in marine ecosystems. It was also in a good agreement with Meili [43] as he pointed out that cesium is often found in the clay fraction of sediments. This present study finding was in contrast to them, whereas station PP04 found to be higher of 137 Cs activity concentration which has more sand (57.70%) compared to silt (40.20%) and clay (2.10%) ( Table 1) . Meanwhile, station MG03 has much high content of silt (67.30%) and clay (30.20%) that found to be lower of 137 Cs activity concentration as given in Table 2 . Lower 137 Cs activity concentration in sediment and higher value in surface seawater in station MG03 could be assumed in terms of cesium re-suspension with fine particle sediments. This probably due to the strong currents in this region play an important role in re-suspension the fine particle sediments in respect affected the level of 137 Cs in sediment. This reason was strictly supported by Otosaka and Kobayashi [44] that re-suspension and lateral transport of the fine-grained sediments also possible can redistribute radiocesium in the coastal sediments. Furthermore, Oguri et al. [45] was also pointed out that combination of the biological disturbance and the re-release of 137 Cs either through remobilization back to the solution phase or transport in turbidity layers along the bottom out to the ocean interior, where it can be deposited more than 100 km from their sources. Therefore, it is reasonable to agree with their findings with the discussed reasons and factors which may affect 137 Cs activity concentration in sediment for this region.
The partition coefficient of 137 Cs for biota and sediment Table 2 shows details of the concentration factors, CF of 137 Cs in 6 species of marine fishes with comprising two depth habitat species i.e. pelagic and demersal. Concentration factor of 137 Cs in pelagic and demersal fishes ranged from 1.17 × 10 2 L kg −1 to 2.95 × 10 2 L kg −1 (average 1.95 × 10 2 L kg −1 ) and 0.59 × 10 2 L kg −1 to 2.31 × 10 2 L kg −1 (average 1.52 × 10 2 L kg −1 ), respectively. The average CF for both fishes showed slightly higher than those recommended value of 100 for fish by IAEA [46] . These due to almost activity concentration of 137 Cs measured in ambient water were low. These partitioning were not implying that 137 Cs within the organism is concentrated by direct accumulation from the water. It is simply a value that relates the concentration in the organism, which may have been derived by uptake from seawater, particulate matter and food, to that of the medium in which it lives. Refer to those results; there were no significant differences in the CF between pelagic and demersal fishes. Moreover, the results indicated the CF of 137 Cs in both depths of habitat species were no sizedependent. Since the identification of factors affecting or controlling accumulations of 137 Cs in edible marine organisms is critically necessary to identify pathways of radiocesium accumulation from a surface input [33] . Therefore, these observations suggested that the CF of 137 Cs is most probably due to the change of food habit and mechanism; and concentration of 137 Cs in surface seawater. The effect of food habits on CF of 137 Cs could explain the difference in 137 Cs concentration in different species of fishes and areas [33] . It is difficult to make conclusions about possible reasons or factors affecting the accumulation of 137 Cs in marine fishes. However, it is reasonable to agree with the suggestion by Kasamatsu and Ishikawa [33] that environmental conditions together with biological conditions may affect the accumulation of cesium.
The speciation of cesium in seawater is different at all sampling stations, especially in terms of their removal from seawater to deposit in sediment. The distribution coefficients, K d of 137 Cs in the study area were ranged from 4.44 × 10 2 L kg −1 to 18.51 × 10 2 L kg −1 ( Table 2 ). The wide range of calculated K d values found due to the inhomogeneous distribution of the sediments in this region. The results indicated station KT01 and PK01 were found to be lowest and highest K d , respectively. However, all values were smaller than K d (4.00 × 10 3 ) value determined in the marginal sea as reported by IAEA [46] . The highest value in station KT01 indicated that cesium is more easily adsorbed onto or incorporated into particles than dissolved in seawater. Moreover, 137 Cs might reflect the variability of the K d , implying that this nuclide was fast removal from seawater to the sediments align with the shallow water depth at this region. This high K d value at station PK01 could be explained that cesium tended to concentrate preferentially on sediments that were fine grained, rich in organic matter, or both. The strong affinity of cesium for clay minerals has been well documented elsewhere [47] [48] [49] . This result in line with the station PK01 has a high content of fine sediment (silt 53.60%; clay 31.00%). In other words, fine settling particles enriched in 137 Cs accumulated in these areas where these particles could reach the bottom without being disturbed by strong turbulence [50] .
Conclusion
Generally, the partitioning of 137 Cs in surface seawater, biota and surface sediments collected from the nearshore zone in the east coast of Peninsular Malaysia, reflecting variability in its concentration in all type of samples. Align with that, the activity concentration of 137 Cs in respectively were ranged from MDA to 2.70 ± 0.37 Bq m −3 (seawater), MDA to 0.34 ± 0.10 Bq kg −1 fw. (biota) and MDA to 1.61 ± 0.19 Bq kg −1 dw. (sediment). The partition coefficient (CF and K d ) of 137 Cs for biota and sediment were ranged of 0.59-2.95 (× 10 2 ) L kg −1 and 4.44-18.51 ( ×10 2 ) L kg −1 , respectively. Although it is difficult to make conclusions about possible reasons or factors affecting the partitioning of 137 Cs in seawater, sediment, its accumulation in biota as well as its CF and K d . But, it is reasonable to agree with the discussed reasons and factors which may affect 137 Cs activity concentration and its partition coefficient of CF and K d . Therefore, we hypothesize that this condition may be associated with the variability in the characteristics of the seawater, biota and sediment. Additionally, this can be concluded that the levels of 137 Cs in seawater, biota and sediment remain in the background level and there is no new input of 137 Cs into this region.
